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ABSTRACT
A tidal cycle survey was carried out on the Kent estuary on the 18th 
August, 1981.
The chemical water quality at Arnside Pier and at New Barns was, on the 
whole, acceptable. However, samples taken downstream of the outfall at 
water for total coliforms and E. coli were all above the EEC mandatory 
level whilst those for faecal streptococci were all above the guideline 
value.
low
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Kent Estuary Survey 18th August, 1981.
SURVEY DETAILS
(i) TIDAL CONDITIONS
The predicted tidal conditions for Liverpool were:-
Low water 0837 hours
High water 1359 hours 9*2 metres
Low water 2053 hours
The times are B.S.T. and for Barrow Docks 15 minutes must be 
added. The tidal bore passed Crossfield's Boatyard at 1241 
hours and station A at 1245 hours. The tide commenced to ebb 
at Station A at 1420 hours.
(ii) RIVER AND EFFLUENT FLOWS
Mean daily flows for the River Kent at Sedgewick and the River 
Beela at Beetham were:-
BEELA KENT KENT (1980 SURVEY)
Ml d~1 Ml d”1 Ml d“■1
17/8/81 82 158 (6/7/80 301
18/8/81 93 175 (7/7/80 272
19/8/81 131 337 (8/7/80 245 (1980 survey day)
(9/7/80 218
The rivers Gilpin and Winster and Witherslack Main Drain were 
gauged during the low water period and gave the following 
results
Ml d“1
River Gilpin at Sampool Bridge (SD 4719 8544) 45
R.Winster at Meathop Road (SD 4313 7912) 36
Witherslack Main Drain at tidal doors (SD 4559 8073) 7*5
Leighton Beck and Meathop Marsh Drain were sampled but not 
gauged on the survey day. The sample taken from Meathop Marsh 
Drain was sufficiently bad to suggest it might contribute 
significantly to the loads going into the estuary. The 
Hydrometry Section of Rivers Division derived an MDF of 3.11 
megalitres per day for Meathop Marsh Drain. This was based on 
a catchment area of 2 square kilometres, an annual rainfall of 
1100 mm and a corresponding evaporation rate of 525 mm.
It was impossible to get flows for the effluent treatment works 
on the survey day but the following values are usually taken as 
current DWF’s.
Grange outfalls (Main and Cart Lane) = 1 . 4  Ml d"^
Arnside Outfall = 0.45 Ml d“1
(iii) WEATHER
There was overnight rain which lasted until 1030 hours after 
which it became sunny with the wind blowing from the south 
west, force 3» During the morning wind speeds of Beaufort 4 
were reached. At about 1230 hours the wind veered to the North 
west. The sky clouded over after 1500 hours.
(iv) STATIONS
The stations were located at the same positions as for the 1980 
survey, that is 900 metres upstream and downstream of the 
outfall. Station A (SD 4555 7885) was opposite Arnside Pier 
whilst Station B (SD 4397 7798) was just downstream of New 
Barns. Water quality, bacteriological and tracer samples were 
taken at both stations, sampling commencing at 1100 hours and 
finishing at 2030 hours at Station A, whilst at Station B 
sampling commenced at 1130 hours and also finished at 2030 
hours.
Station C was again a roving boat which took bacteriological 
samples and tracer samples roughly every 200 metres along the 
Arnside shore of the estuary (see map 2). In addition water 
quality samples were taken 200 metres u/s of the outfall, at 
the outfall and 200 metres d/s of the outfall. Two runs were 
done; the first started at Arnside Viaduct and finished at 
Arnside Point whilst the second started at Arnside Point and 
finished at Crossfield's Boatyard, where an additional series 
of samples were taken during the initial flood period.
(iv) SAMPLING
(a) WATER QUALITY AND BACTERIOLOGICAL SAMPLES
Surface samples were taken midstream at Stations A and B. 
Nutrient and chlorophyll samples were first filtered 
through a Whatman's GF/C filter and then placed in an ice 
box.
Bacteriological and tracer samples were also placed in an 
ice box. Approximately half of the bacteriological 
samples from all stations were collected at about 1400 
hours and taken to the Levens Office for analysis. At 
the end of the survey the rest of the bacteriological 
samples were collected and taken to Levens.
(b) TRACERS
Bacteriological tracers were injected into the following 
outfalls at the times indicated
Arnside Tank Outfall: 20 litres of Serratia marcescens
(1.7 x109/ml) at 0830 hours
Grange Outfall: (1 litre of Bacillus globigii
spores 10,f/ml) at 0953 hours
Milnthorpe ETW Outfall: (25 litres of Enterobacter pHcuje.
1.3 x 109 of pfu/ml) at 1400 hours
The tracer at Grange was not put directly into the Grange 
main outfall (SD 405 769) but into a channel close to the 
main outfall and which also took sewage from the Cart 
Lane outfall (SD 403 768).
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2. RESULTS The results are shown in tables I - III
3- DISCUSSION 
A CHEMICAL DATA
(i) CHLORIDE
The variation of chloride with time is shown in graph 1. There 
was a 1 V 2 hours flood period followed by an ebb period of about"
11 hours. Only towards the end of the ebb period prior to the 
flood was there much difference between the chloride concent­
rations at the two stations. For most of the survey the 
chloride concentrations at any time were similar at both 
stations. However, the graph does show that towards the end of 
the survey (HW + 6 v 2  hours) the difference in chloride 
concentration between the two stations was beginning to 
increase. The chloride concentrations on this survey were very 
different to those pertaining during the 1980 survey. For 
instance at HW + 6V 2 hours on the 1980 survey at Station A the 
chloride concentration was 3»000 mg 1“^ (15$ seawater) whilst 
on the 1981 survey it was 13,600 mg 1“1 (69$ seawater). The 
tidal heights (Liverpool) and the river flows in the River Kent 
(MDF at Sedgewick) were 8.1m and 245 ml d“^ on 8/7/80 and 9.2 m 
and 175 ml d- * on the 18/8/81 and these differing conditions 
account for there being so much more ’salt* present on the 1981 
survey.
(ii) DISSOLVED OXYGEN
In general the dissolved oxygen situation at both stations was 
good throughout the survey with over 100% saturation.
Graph 3 is a plot of the dissolved oxygen (% saturation) 
against time. One would initially assume that the lower DO's 
found at both stations just after the turn of the tide in the 
morning was due to the backing up of water contaminated with 
Arnside effluent. However, on this survey the DO conditions at 
Station B were good until the flood commenced whereas one might 
have expected them to deteriorate up to and after the flood.
It should be noted that water of chloride concentration of
14,000 mg r ’in a sample taken at the outfall by the roving 
boat (Station C) before the flood, had a DO level of 84% but by 
the time this water had reached Station B the dissolved oxygen 
saturation was over 100%. Later, but still before the flood 
when the roving boat was returning back up the estuary the DO 
saturation in the vicinity of the outfall was 109% in water of 
chloride concentration 13>300 mg 1“^. This water never 
reached Station B before the flood.
The chloride concentration of the water in which the lowest 
DO's occurred was, at Station B 16,300 mg 1“"* (80%) and 
16,900 mg 1 "1 (85%) and at Station A 16,300 mg 1 (80%) and 
16,700 mg 1“1 (90%), that is of chloride concentration much higher 
than that found downstream of Station B prior to the flood 
(i.e. 14,000 mg "^). One possible explanation to account for 
lower D 0 fs occurring in water of higher salinity is that this 
water was in the vicinity of Grange during the low water period 
and was being affected by the discharges from the Grange 
outfalls. (Extrapolation of a graph of chloride at 
Stations A and B just prior to the flood indicated that water 
of chlorosity 16,000 mg 1- 1 would be in the vicinity of 
Grange).
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Another point to note is the considerable amount of algae 
present in the estuary. For instance 33 ug 1”1 of chlorophyll a 
Was present in water of chloride concentration 16,300 mg 1 ~ \
The particular sample in which this chlorophyll was found had 
quite a low DO, 80$. In the absence of the chlorophyll presum­
ably the DO sag would have been much greater. There was also a 
lot of phaeophytin present which Could indicate that the bloom 
was dying.
(iii) BOD
Graph 4 shows that the highest BOD's at both stations occurred 
prior to the flood. Unexpectedly, higher BOD's- were found at - 
Station A. At both stations the water quality improved with 
the onset of the flood.
The BOD loadings into the Kent estuary from various sources can 
be summarised thus:-
Mean BOD
Daily
Flow (ml d"^) (mg 1“1)
LOAD % OF
TOTAL 
(kg d"1) LOAD
River Kent at Sedgewick 175 0.91 158 16
River Beela d/s Milnthorpe ETW 93 1.6 149 15
River Gilpin at Sampool Br. 45 3.4 153 15
Witherslack Main Drain 7.5 3.1 23 2
Meathop Marsh Drain 0.6 2 312 187 19
R.Winster at Meathop Road 36 1.9 68 7
Grange Main Outfall 1.4 3 136 184 18
Arnside Outfall
(estimated flow and BOD conc) 0. 4 200 88 9
TOTAL LOAD 1010
NOTES TO TABLE.
1. Average of two samples taken on 18/8/81.
2. Meathop Marsh drain was not gauged on the survey day but an ADF was 
calculated assuming a catchment area of 2 square kilometres, an annual 
rainfall of 1100 mm and an evaporation rate of 525 mm. This came to 
3.11 Ml d- .^ Taking an ADF for the Kent as 900 Ml d“^ , the flow in the 
Kent on the survey day was 175M1 d-  ^ and by comparision a flow of 
0.6M1 d“^ can be derived for Meathop Marsh Drain.
3. Only the Grange Main Outfall was sampled on the survey day. The flow 
figure used is an estimate of the combined flows of both the Main 
(Station) Outfall and the Cart Lane Outfall.
Meathop Marsh Drain had a very high BOD and the load it contributed was 
equivalent to that from the Grange main outfall and double the estimated 
load from Arnside.
Graph 4 does indicate that water quality conditions at Station A were worse 
than at Station B. To what extent Meathop Marsh Drain was affecting the 
water quality at station A is not known but it seems likely that it could 
have been having a considerable effect.
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(iv) AMMONIA
Fairly low values for ammonia were found in the estuary, 
usually below O.lmgl”^. Graph 5 shows that, as with BODS, the 
ammonia concentrations fell with the onset of the flood, though 
suprisingly they were as high or higher at Station A.
The ammonia loads to the estuary are shown in the following 
table
Mean
Daily
Flow
(Mid - 1 )
River Kent at Sedgewick 175
R.Bela d/s Milnthorpe ETW 93
R.Gilpin at Sampool Br. 45
Witherslack Main Drain 7.5
Meathop Marsh Drain 0.6
R.Winster at Meathop Rd. 36
Grange Main Outfall 1.4
Arnside Outfall 0.4 2
Ammonia Load $ of total
(ragl~1) (kgd“^) load.
0.08 1 14 27
0.02 1.9 4
0.09 4.1 8
0.06 0.5 1
6.0 3.6 7
0.06 2.2 4
14 19.0 37
14 3 6.0 12
TOTAL LOAD 51.3
Notes to Table.
1. Average of two samples taken on 18/8/81.
2. Estimated flow.
3. Concentration of ammonia used was that found for Grange Main Outfall.
The main sources of ammonia in the Kent Estuary are the freshwater input 
from the River Kent and from the Grange outfalls.
Meathop Marsh Drairt, as with BOD, had a fairly high concentration of 
ammonia in it.
(v) NITRATE
The graph of nitrate against time (graph 6) was similar to 
those for BOD and ammonia, the concentration of the nitrate at 
the two stations decreasing rapidly after the flood. Graph 7 
shows good correlation between nitrate and chloride. The River 
Kent contributed over 60$ of the nitrate load to the estuary 
whilst the River Bela contributed about 30$.
(vi) PHOSPHATE
Although, as in the case of nitrate, the main inputs of 
phosphate into the estuary were from the rivers Kent (72$ of 
the load) and Bela (17$ of the load) the graph of phosphate-P 
(graph 9) against chloride is not a straight line dilution 
graph but tends to indicate input of phosphate in the estuary.
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It would appear that the discharge from the Grange outfalls 
(see graph 8 and also graph 18) might be affecting both 
stations on the flood. There is also some evidence to suggest 
that the Arnside discharge was having some effect on Station B 
later in the ebb.
(vii) CONCLUSION
In general there was little evidence from the water quality 
data to suggest that the Arnside effluent was having any 
deleterious effect on the water quality of the estuary. In 
fact, it is possible that Meathop Marsh Drain was exerting a 
much greater effect on the quality of water at Station A, 
Arnside Pier, than Arnside sewage was having :on the water 
quality at Station B.
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B. BACTERIOLOGICAL DATA
(i) STATIONS A and B
It should be remembered when examining the bacteriological and 
tracer results that Stations A and B were mid-channel whilst 
Station C, the roving boat went down the left hand (east) bank 
taking samples in the shallow water (usually below knee height) 
at roughly 200 metres interval along the shore. In trying to 
analyse the bacteriological data the great variability of 
bacteriological results should be borne in mind as also should 
the danger of reading too much into the results of one survey.
Before dealing with the results for Stations A and B let us 
look at the major bacteriological sources which could affect 
each station:-
Station A
1. During the initial flood period but gradually lessening as 
the flood period progresses, water which has been 
receiving the Arnside effluent,
2. Partway through the flood period (salinity and B.globigii 
figures would indicate an hour before high water), 
estuarial water affected by the Grange effluents.
3. On the ebb (2) would initially have the greatest effect 
but (1) might also have an effect presumably towards the 
end of the ebb. However, the bacteriological quality of 
the water from both sources 1 and 2 would obviously 
undergo considerable change during the tidal cycle due to 
dilution and die off.
4. The situation at Station A during the ebb, especially on 
spring tides would be complicated by water (most likely of 
quite high salinity) which had flooded the salt marsh 
areas on the flood and which would be released on the ebb 
into the channel to water of continuing diminishing 
salinity. This water would be contaminated during its 
residence time on the marshes.
5. Sometime during the ebb (possibly commencing about 3 hours 
after high water) water affected by the discharge from 
Milnthorpe ETW would arrive at Station A. The effect, if 
any, of Milnthorpe sewage should become progressively 
greater and be greatest at low water.
6. The bacteriological quality of the combined River Kent and 
River Bela water would affect the situation at Station A 
at low water.
7. Other stream inputs would affect the quality of the water 
at Station A, particularly streams, such as Meathop Marsh 
Drain, which discharge into the estuary close to Station 
A.
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Station B
Basically all the sources which affect A could also affect B 
though the time when this occurred and also their nature would 
be different.
(a) Total Coliforms
STATION A
All the samples taken were below the I value but never below 
the G value.
STATION B
5 out of the 19 samples were above the I value and all were 
above the G value.
Graph 10 is of the total coliforms against the time for both 
stations and the following tentative conclusions can be drawn
1. The best conditions occurred at high water.
2. The worst conditions at Station B occurred as would be 
expected at low water just prior to the flood, but peaks 
also occurred during the ebb.
(b) E.coli
STATION A
No samples were below the G value and 6 out of 
the 20 samples were also above the I value.
STATION B
Again no samples were below the G value and 9 out 
of 19 samples were above the I value.
Graph 11 is of E.Coli against time,
E.coli values greater than the I value occurred 
before the commencement of the flood (i.e. source 
must have been upstream), the highest value 
occurred in water of the lowest salinity at 1230 
(though still comparatively high). In passing it
EEC Directive on Bacterial Standards for Bathing Waters
Guideline Value (G) Mandatory Value (I)
Total coliforms (per 100ml) 500(80) 10,000(95)
Faecal coliforms (per 100ml) 100(80) 2,000(95)
Faecal streptococii(per 100ml) 100(90)
(The number in brackets refer to the percentages of samples in which the 
counts must not be exceeded.)
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should be noted that the highest faecal 
streptococii and some of the highest total 
coliform counts occurred at 1300 hours that is 
just after the flood. The best conditions at 
Station A occurred at high water and for about 
3 V 2 hours into the ebb, thereafter conditions 
tended to deteriorate until 1900 hours. After 
1900 hours the E.coli numbers commenced to fall 
and at the end of the survey were below the I 
value.
The graph for Station B was similar to that for 
Station A though much higher values were found 
just prior to the flood and to a lesser extent at 
1730. Lowest values were found at high water and 
for a period of about 2 hours after high water.
1 Towards the end of the survey i.e. towards low
water, there was a slight increase in the E.coli 
counts.
(c) Faecal streptococii
STATION A
Only 2 samples were below the G value.
STATION B
Three samples taken between 1330—1^30 hours i.e. 
around high water mark were below the G value, 
all the other samples were above the G value.
Graph 12 is a plot of faecal streptococii against 
time.
(1 1 ) STATION C
The results from the roving boat are treated separately from those 
of Stations A and B because it is thought that the boat was sampling 
a body of water which remained close inshore and that the effect of 
the Arnside effluent was much greater on this localised water (see 
graph 13, of total coliforms v salinity).
Graphs 14 and 15 of the total coliforms and E.coli against distance 
downstream of Arnside Viaduct for runs 1 and 2 respectively 
demonstrate the dramatic effect the discharge has on the water close 
inshore downstream of the outfall, where virtually all of the 
samples were well above the ^ I1 values for both total coliforms and 
E.coli.
Upstream of the Arnside Outfall at low water all total coliform 
samples were lower than the I value. At Crossfield’s boatyard, 
upstream of the outfall, six samples were taken between 1220 (i.e. 
prior to the flood) and 1257 (i.e. during the flood). The last 
three samples taken as the salinity increased had total coliform 
counts above the 'l1 value.
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Several of the E.coli samples taken at low water upstream of the 
outfall had values above the 'I* value and as might be expected during 
the period of the initial flood the three samples taken at 
Crossfield’s boatyard had values above t h e‘l*value.
With regard to faecal streptococii all samples taken by the roving 
boat were above t h e‘g 1 value. Those taken downstream of the outfall 
were virtually all above 1,000/100 ml compared with samples taken at 
Station B which tended to be about 500/100 ml or less. This again 
shows the quite severe local effect that the Arnside effluent has on 
the left hand bank of the Kent Estuary (see graph 16).
(iii) General Discussions on the Bacteriological and Tracer Results
(a) BACTERIOLOGICAL DATA
No total coliform samples were below the *g'value. At 
Station A all samples were below the 11*value (10,000/100 
ml) as also were most of the samples at Station B, those 
that were not were always taken on the ebb. However, with 
regard to Station C, which is a better indicator of 
conditions in the vicinity of the shoreline, virtually 
all samples (expect for 1) taken downstream of the 
outfall during the ebb and low water period were above 
the *1? value. Evidence was obtained which showed that on 
the flood the discharge from the outfall could adversely 
affect the bacteriological quality of the shore upstream 
of the outfall at least as far as Crossfield's Boatyard 
(graphs 14 and 15).
The Serratia was injected into the Arnside Outfall at 
0830 hours. The estuary was sampled 200 metres upstream 
of the outfall at 0859 and Serratia was not detected. 
However, it was detected on the roving boat's first run 
at all stations downstream of the outfall except between 
Blackstone Point and Arnside Point (see graph 17). The 
peak was immediately downstream of the outfall.
On run 2, the return run back up the estuary, the front 
of the Serratia was detected between Blackstone Point and 
Arnside Point. This gives a time of travel between the 
outfall and between Blackstone and Arnside Points of 1 
hour 18 minutes for a distance of about 1.75 km giving a 
speed of about 1,34 kilometres per hour.
Incidentally on the second run once upstream of the 
outfall the Serratia amounts dropped to nil. This 
suggests that though the boat had passed through an area 
of high Serratia counts none had been carried upstream by 
the boat, or if they had, the sampling technique had been 
sufficiently good to avoid contamination.
It should be noted that at Crossfield's Boatyard during 
the early flood period, Serratia was detected in three 
samples which also had elevated levels of total 
coliforms, E.coli and faecal streptococci, convincing 
evidence of the passage upstream of Arnside sewage and 
its ability to affect the local shoreline.
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As in the case of total coliforms, no E.coli samples were 
below the guideline value. At Station A about a third of 
the samples were above the mandatory value, whilst at 
Station B a half of the samples were above the mandatory 
value. With regard to Station C, all the samples below 
the Arnside outfall were above the mandatory value and 
even some above the outfall were.
It is not easy to compare the result of the 1981 survey 
with those of 1980. The table below shows the tidal and 
river flow conditions for the two surveys
S T A T I O N
A B C
SURVEY
<
TIDAL
HEIGHT
RIVER FLOW 
IN THE KENT
SALINITY RANGE SALINITY RANGE SALINITY RANGE
Metres Ml d"1 °/oo °/oo °/oo
1980 8.1 245 22.1 - 3.3 25.9 - 7-3 16.5 - 4.8
1981 9.2 175 30.1 - 19.8 30.4 - 24.4 26.5 - 21.0
It should be remembered that the 1980 survey was on a 
much smaller scale (from 3 V 2  hours before low water 
until 1V 2  after low water) and only those periods at the 
same state of tide on both surveys are compared in the 
following discussion i.e. from 1200 to 1500 hours on the 
1980 survey and from 1730 to 2030 hours on the 1981 
survey.
One would expect the bacteriological quality of the water 
at Station A to be mainly dependent on what was derived 
from the downstream sources at Arnside and Grange and 
also upstream from Milnthorpe ETW. The conditions 
pertaining on the 1981 survey (see above table) viz:-
(a) lower river flows with less dilution being 
available for the Milnthorpe effluent.
(b) spring tide pushing Grange and Arnside 
effluent further upstream.
(c) spring tide swamping the salt marshes with 
sewage contaminated estuarial water and its 
subsequent release into the estuary throughout 
the ebb period (see graph 19)* resulted in the 
bacteriological conditions at Station A 
affected by sewage derived sources to be worse 
on the 1981 survey than on the 1980 survey.
This tentative evidence suggest that on the 1980 survey 
when there was a fairly high rainfall with high run off 
the influence of total coliforms derived from inland 
sources was greater at Station A whilst on the 1981 
survey the bacteriological conditions at Station A were 
affected less by run off derived sources and more by 
estuarial sources of sewage effluent.
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One would expect that if this supposition is correct the 
TC/EC on the two surveys would be different, with the 
ratio being lower on the 1981 survey compared to the 1980 
survey.* Graph 20 shows that this is the case. The ratio 
of the TC/EC on the 1981 survey was low, only 1 in the 
actual estuary being above ten which would indicate that 
on this survey the probability of most of the coliforms 
being derived from sewage effluent was high.
This situation was very different from the 1980 survey 
when virtually all the total coliform counts were above 
the EEC mandatory value whilst on the 1981 survey at 
Stations A, all, and at B most were below the mandatory 
level and only samples taken downstream of the outfall by 
the roving boat had values above the mandatory level (see 
graph 21).
(b) TRIBUTARY SAMPLING
All the tributary samples for total coliforms were above 
the'G1 value and samples from the River Winster, Meathop 
Marsh Drain, River Gilpin (2 out of the 3 samples taken), 
River Beela and River Kent (1 out of the 3 samples taken) 
were above the mandatory (I) level.
All the tributary samples for E.coli were above the 'Gf 
value whilst samples from the Rivers Winster, Beela and 
Kent (2 out of the 3 samples), Meathop Marsh Drain, and 
Leighton Beck were above the fI f value.
Samples for faecal streptococci above the ' G* value were 
taken from the R.Winster (1 out of 2 samples), Meathop 
Marsh Drain, Leighton Beck, R. Gilpin (1 out of 3 
samples), R.Beela and R.Kent (2 out of 3 samples).
In general, particularly noticeable for high bacterial 
counts were Meathop Marsh Drain and the R. Beela and to a 
lesser extent the R. Winster.
(c) TRACER WORK
The tracer work on this survey was still in its infancy 
so far as we were concerned and this must be taken into 
account when discussing the results. All the tracers 
which were injected were recovered at some point within 
the survey area suggesting that the various discharges 
into which we injected the tracers could have an effect 
on the water quality in the vicinity of Arnside, though 
to what degree we were unfortunately not able to 
determine. The results of the injections varied. The B. 
globigii gave good results and those samples for Serratia 
collected by the roving boat also seemed consistent 
though the samples collected at Stations A and B were not 
so good and have been ignored. The Serrate results have 
already been discussed and will not be dealt with any 
further.
# (Note: TC/EC in sewage polluted areas usually 2 - 3 ).
- 14 -
The Enterobacter results must be treated with caution. 
Samples taken at both Station B (particularly) but also 
at Station A showed counts of Enterobacter before the 
Injection at Milnthorpe ETW and must be rejected.
However, samples taken at both Stations A and B later in 
the afternoon do show a peak consistent with an expected 
time of travel from Milnthorpe ETW. The Enterbacter was 
injected at Milnthorpe ETW at 1400 hours and 4 hours 
later had appeared at Arnside (see graph 22). 
Unfortunately, the survey was terminated whilst 
Enterbacter were still being found in the samples.
The best results were obtained with the injection of 
Bacillus globigii spores (var. Niger) into the Grange 
effluent.' They were injected at 0953 hours and peaked at 
both stations on the flood at 1300 hours. Interestingly, 
counts of B. globigii were found throughout the ebb 
period and again, unfortunately, the survey ended before 
all the globigii had returned past Stations A and B on 
the ebb. It is not possible to reach any quantitative 
conclusions from our results though they do show that the 
Grange effluent could affect the water quality at Arnside 
throughout the ebb period.
With the experience gained from this survey it is felt 
that quantitative work could be done in the future. 
However, with the commencement of the sewerage and sewage 
scheme for Grange and Kents Bank, which will result in 
the production of a fully treated effluent it is assumed 
that its possible effect on the chemical and to a lesser 
extent the bacteriological quality of the water at 
Arnside will be greatly reduced.
(d) SCUM
A regular complaint concerning the foreshore at Arnside 
has been the amount of scum present. In the past it has 
been supposed that the scum was a normal feature of the 
estuarial waters and was not particularly associated with 
sewage. A sample of scum was taken at 1325 hours at 
Station A. On analysis this was found to have total 
coliforms, 18,000/100 ml, E.coli 6,300/100 ml and faecal 
streptococci 1,760/100 ml. This would strongly suggest 
d & n v a t i o n  form a sewage source.
(e) SUMMARY OF THE BACTERII0L0GICAL DATA ON THE KENT ESTUARY
During the summers of 1980 and 1981, in a joint exercise 
between the NWWA and South Lakeland District Council, 
bacteriological samples were collected at 5 points along 
the Kent Estuary and yielded the following results.
E.coli
Year No. of Samples Geometric mean Range
no/100 ml
1980 50 2,744 100 -  156,000
1981 30 2,323 330 - 13,100
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STATION
A
B
Above 
C Out­
fall
Below 
C Out­
fall
The table below shows the degree of compliance with the 
EEC directive on bathing waters of samples taken on the 
1980 and 1981 Rivers Division, Kent estuary surveys.
TOTAL COLIFORMS E.Coli
FAECAL
STREPTOCOCCI
1980
,1981
1980
1981
1980
1981
1980
1981
G Value 
500 (80)
I Value 
10,000 (95)
G Value 
100 (80)
I Value 
2,000 (95)
G Value 
100 ( 90)
All samples 
above 
All above
All above 
All above
All above 
All above
All above 
All above
All samples 
above 
All below
9 out of 11 
above (82$)
5 out of 19 
above (26$)
All above
All below
All above
All (except
1 sample) 
above
All samples 
above 
All above
All above 
All above
11 out of 12 
above (92$) 
All above
All above
All above
2 out of 11 at 
I value (18$)
6 out of 20 
above (30$)
7 out of 11 
above (64$)
9 out of 19 
above (47$)
All below
4 out of 9 
above (44$)
13 out of 17 
above (76$)
All above
18 out of 20 
above (90$)
16 out of 19 
above (84$)
All above
All above
Virtually all the total coliform and E.coli samples and 
the majority of the faecal streptococci samples failed to 
meet the EEC guideline value. Most of the samples taken 
below the outfall by the roving boat (C) and a majority 
of samples taken at Station B were above the I values for 
total coliforms and E.coli.
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All samples for total coliforms taken on the survey were above the H 
Guideline Value.
Virtually all samples (except for 1) taken close inshore 
to the left hand bank downstream of the Arnside outfall 
during the low water period by the roving boat (Station 
C) were also above the Mandatory (I) value. Three 
samples taken on the flood at Crossfield's Boatyard, 
above the outfall, were also above the 'I1 value.
However, at Station A, Arnside Pier, all total coliform 
samples were below the 'I' value and at Station B, New 
Barns, only 5 out of 19 samples were above the *1' value.
Of the tributaries all, except Witherslack Main Drain and 
Leighton Beck, had samples above the 'I'value. Meathop 
Marsh Drain was particularly bad.
All samples for E. coli taken on the survey were above 
the EEC Guideline Value.
All samples taken by the roving boat downstream of the 
Arnside outfall during the low water period were above 
the 'I* value. Again the samples taken on the flood at 
Crossfield's Boatyard were above the 'I' value.
At Station A, 6 out of the 20 samples were above the 'If 
value whilst at Station B 9 out of 19 samples were above 
the *1' value.
All the tributaries except Witherslack Main Drain and the 
River Gilpin had samples above the 'I' value. Meathop 
Marsh Drain was again bad.
All samples for faecal streptococci taken by the roving 
boat were above the 'G' value.
At Station A 18 out of 20 samples were above the 'G* 
value, whilst at Station B 16 out of 19 samples were 
above.
Of the tributary samples only Witherslack Main Drain had 
samples below the 'G''value. Again Meathop Marsh Drain 
was bad.
The tracer work whilst not totally successful did show 
that qualitatively Stations A and B could be affected by 
discharges from both Grange and Milnthorpe ETW's.
Some quite high BOD's were found at both stations before 
the flood, surprisingly higher at Station A than B.
Meathop Marsh Drain is one possible source that might 
have accounted for this.
The ammonia and phosphate data do not suggest that the 
Arnside effluent is having any great effect on the water 
quality of the estuary.
- 17 -
5. CONCLUSION
From the result of this survey it would not appear that the discharge 
of sewage effluent from the Arnside outfall has any great effect on 
the chemical water quality of the estuary though it can have an effect 
locally. However, with regard to the bacteriological quality of the 
water close inshore downstream of the outfall, it does have quite an 
effect resulting in the water not meeting the EEC Mandatory values.
»
There is also some evidence to suggest that the sewage discharges from 
Grange can affect the bacteriological condition of the water at 
Arnside.
6. RECOMMENDATION
It is recommended that a further survey be done on the Kent estuary in 
, the vicinity of Arnside after completion of the Grange scheme.
7. ACKNOWLEDGEMENTS
All the tracers used on this survey, apart from the B. globigii spores 
were prepared by Ribble Division's Broughton Laboratory,
The analyses of the bacteriological and tracer samples were carried 
out by Northern and Ribble Division microbiologists.
R.A.Dalton (Text)
A.M.Davies (Graphics)
31st October, 1984.
- 18 -
Map of Kent Estuary MAP 1
L o w  W a t e r  C h a n n e l  o f  t h e  R i v e r  K e n t  I n  t h e  A r n s i d e  a r e a
Bacteriological Sampling Points
1 A rnside  Point
2 Opposite lavatories
3 Albion Hot.31"
4 Ham psfell Hotel
5 E a rn se a t School
6 C rossfie ld 's  Boatyard
7 Sco t's  Pines
8 u / s  o u tfa ll
9 O pposite A n w d e  Tank
10 L ife b e lt  p o s t
11 u / s  New B arns
12 d / s  New B arns
13 O pposite M ^athop Scar
14 Off R iver W in ste r
15 Off B lack sto n e  Point
16 B etw een B lackstone  Point and 
A rnside  point
17 Off A rnside  Point
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Var ia t ion  of Total Coliforms and E.Col i  along the Kent Estuary on 18/8/81 
Roving boat (STN C)Run 2  Arnside Point to Crossfield's Boatyard
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